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Response surface methodology to optimize the degradation of 173—estradiol
by iron nanoparticles activated peroxydisulfate
LIN Qiang', GONG Kaisheng®, JIN Xiaoying>* *
(1. Fujian Soil and Water Conservation Test Station, Fuzhou 350001, China; 2. College of Environmental
and Resource Sciences, Fujian Normal University, Fuzhou 350117, China)
Abstract: 17B—estradiol (E2) is a typical endocrine disrupting compounds (EDCs) commonly found
in wastewater and surface water, and is considered to cause potential environmental risks. In this
paper, response surface methodology (RSM) was used to explore the optimal experimental conditions
of the removal of E2 from wastewater with green—synthesized iron nanoparticles ( Fe NPs) to activate
peroxydisulfate (PDS). The results showed that the quadratic polynomial model established by RSM
was significant, while the mismatch term was not significant, and the model had good fitting perform-
ance. When the initial concentration of E2 was 3 mg - L', the E2 removal rate reached 99.3% under
the conditions of Fe NPs dosage of 0.09 g + L', oxidant PDS concentration of 6 mmol - L™", pH of 3,
and reaction temperature of 30 °C. The electron paramagnetic resonance ( EPR) technology and
quenching experiment verified that the activation of PDS by Fe NPs mainly produced SO, ™ and " OH.
After 4 cycles of reuse, Fe NPs still had high catalytic activity, with a degradation efficiency of 90.0%
for E2, indicating that green— synthesized Fe NP is an efficient Fenton-like catalyst.
Keywords: Green synthesis; Iron nanoparticles; 17@—estradiol ; Response surface methodology ; Radi-

cals
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1.1 IEHRSEE

ARG EA (FeCl, - 6H,0,AR) 173 M — i
(CyH, 0,,AR) | L P (CH,CH, OH, AR) | H %
(HCOOH,GR) .ZJfE(C,H,N,GR) 5,5~ 51~
sk N -4 1k (DMPO, C,H, NO, AR) , Hi ¥
(CH,OH,AR) FIIAU T B¥(C,H,,0,AR) .

BB T L (LGI - 12, JL 5T AR AR LR 4
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GHHORHARAF]) ; IR A E R B SRR (TY -
70B, KEH & RS A BRA A ) 5 B I e
JEIEAL(MS 5000, F [ Fhfft DIAK AR A H]) .
1.2 Fe NPs %I

FREC 30 g BT Ay A% A8 i JE T 85 1R 5
500 mLEHBAEKIR G, 76 80 C HYH IR K 7558 Hh i
L b HVE S H S ST DA A5 S A R 4
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F4) A9 R R A I 2 BBORIR &, 76 N, PR 47 T i+
30 min/5 B 25 g, £ 4K OWEVEY 3 W, %
U108 48 b, AR RS Ak B B 31 SF- 25k A% R 70 ~
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1.3 FeNPs iE{L PDS XBk E2

FREL— € 7 1Y Fe NPs & T 250 mL #E IR
HL A 100 mL (4 E2 A — W BE Y PDS,
T pH BIE G, & THEERFRIRG
o fE—E TR T LA 250 /min B9 ENRYG . W
60 min J5 A 0.05 mL BB DL & A Y K O, B
FE2 mL, KESE st B BT KA 0.22 wm 3
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Table 1 Range and coded levels of independent variables

G i K S
K% A A it

-1 0 1
A B2 WIERMEIE/ (mg - L7Y) 2 3 4
B Fe NPs#Jmi/(g-L7') 0.01 0.05 0.09
C  PDS¥J¥/(mmol - L") 2 6 10
D IR pH 3 6 9
E R/ C 15 30 45

SR T ICH A, N 0.4 mL + min™', 7EO~
1 minP¥,0. 1% H R A B AR B AR 35 7+ 3
(v:iv);7E 1~11 min N, ZJE R ELEEI AN 30% 42 5
F] 100% ;7€ 11 ~16 min N, 3 sh AR B 46 2
FEAFE i AR I BR o R A TR, R
281 nm, LA, E2 RBRFCRFH A (1) 5

CO Ct

R(%) = x 100 (1)

K (1) H,R FR E2 M EBRR, C, M C, 43008 E2
(] 46 VA B RN B LB TDA ¢ B AR mg » L'

E2 B W) oA A6 S F e 55 (EST) Bl
it FHBORE €33 — DU AR AT AT B ] B33 ( LC/Q-TOF
~MS) HEATIAE . LC-MS 1) = JC i s AH 1Y i 3 4
0.28 mL » min~', 7E 0~32 min N,0.1% 2 5 25
AT (v 2 v) 1 2 3;7F 32~40 min N,0.1% W 1R
M 25% 1 F+5 75% , 1 A5 75% FIREE] 25% .,

HL R R O3 (EPR) W58 4518 . 0437 I
313 mT %1 363 mT; PSR 100 KHz ; $9 4 i 1]
460 s; IIEHIFN 10 mW,
1.6 {EIAREMEXRE

TE E2 W 0A U 3 mg - L' Fe NPs £ PDS
B394 0.09 g - L1 6 mmol - L™ IR H)
G pH o 3 IELJE 30 °C S E] 60 min FYSEER 4%
1T %% Fe NPs fEFMEHIRE ST . TERIRIRL)E,
FHAK PRI BOR AT D85 76 80 CHEAET T4 6 h #%
L, BRI EE IT 5 K, AR PEA Fe NPs
IR T
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Lk Box—Behnken M 1 [/ 2 2 2% 5 11 5256 7
2 05 B2 ERFCRI 5 DR (HART5 4
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Table 2 Experimental design scheme and results of RSM

T A B C D E R/%
1 0 0 0 0 0 53.2
2 0 0 0 0 0 61.8
3 0 1 -1 0 0 69.8
4 0 0 1 -1 0 87.7
5 0 0 0 -1 1 98.8
6 1 0 0 0 -1 53.1
7 -1 0 0 0 -1 64.8
8 -1 0 0 0 1 100.0
9 0 0 -1 0 -1 40.4
10 0 0 0 1 1 91.3
11 0 1 0 0 1 100.0
12 1 0 0 0 1 94.3
13 0 0 0 0 0 54.9
14 -1 0 0 -1 0 92.4
15 1 0 0 1 0 70.8
16 0 0 -1 1 0 34.4
17 0 -1 0 0 1 77.2
18 0 -1 0 0 -1 33.7
19 0 0 -1 -1 0 67.5
20 -1 -1 0 0 0 36.8
21 0 1 1 0 0 83.8
22 1 -1 0 0 0 52.1
23 0 0 -1 0 1 82.5
24 0 0 0 1 -1 34.1
25 0 1 0 1 0 52.9
26 1 1 0 0 0 93.6
27 -1 0 1 0 0 81.3
28 1 0 -1 0 0 40.7
29 0 0 1 1 0 51.2
30 0 0 1 0 -1 85.8
31 0 1 0 0 -1 77.4
32 0 0 0 0 0 51.2
33 -1 0 0 1 0 27.1
34 -1 0 -1 0 0 40.0
35 0 0 1 0 1 100.0
36 0 -1 0 -1 0 64.0
37 0 0 0 0 0 65.7
38 0 0 0 -1 -1 78.1
39 0 0 0 0 0 55.2
40 -1 1 0 0 0 65.1
41 0 -1 -1 0 0 12.1
42 1 0 0 -1 0 64.6
43 0 -1 0 1 0 19.6
44 0 -1 1 0 0 65.3
45 0 1 0 -1 0 100.0
46 1 0 1 0 0 85.9
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Table 3 Analysis of variance

iy SEHA A ¥J5 F{i P

[EH#EER 23 800.42 20 1190.02  23.89 <0.000 1

A 141.70 1 141.70 2.84  0.104 1
B 4 967.45 1 4967.45  99.73 <0.000 1
C 4 154.27 1 415427  83.40 <0.000 1
D 4505.31 1 450531 90.45 <0.000 1
E 4 827.28 1 4827.28  96.91 <0.000 1

AB 43.69 1 43.69  0.8771 0.3580
AC 3.88 1 388  0.0778 0.7825
AD 1278.11 1 1278.11  25.66 <0.000 1
AE 8.97 1 8.97 0.18  0.6750
BC 383.20 1 383.20 7.69  0.010 3
BD 1.97 1 1.97  0.0395 0.844 0
BE 109.08 1 109.08 2.19  0.1514
CD 15.20 1 1520  0.3051 0.5856
CE 193.20 1 193.20 3.88  0.060 1
DE 312.49 1 312.49 6.27 0.019 1
A? 175.73 1 175.73 353 0.072 1
B? 1.67 1 1.67 0.0336 0.856 1
o 14.52 1 1452 0.2916 0.594 0
D? 31.38 1 31.38 0.63  0.434 8
E2 2 521.25 1 2521.25  50.62 <0.000 1
B 2% 1245.27 25 49.81 — —
FKAU 1 090.16 20 54.51 176 0.277 3
afiii 155.12 5 31.02 — —

BE 25 045.70 45 — _ _
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9 4
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D765 3 33
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JI ) ol 4y vl 7 TP (L 1) Wi T €] R % UL
S A5 DR 2Rt i o7 L AV T i 7 e ] )
AR FEE 592 D] 3R 0K i) 7 L 1% 5% i) 2 B2 TE A DG,
AR I 2 7 HL S M e B R v 5 3D BT AN A v e S B
A PR A B S, D) 56 B 35 4 A PR 2R 1) 38 B AR
3 WA AR R AR T 2 BRI R e U5
X E N AR R, B 1 R, FH T
TR & 5 AR B R 22 BAE A  pH S5l
FEMACEAEFM & , WIS pH M8 BAE R
2, 53% 3 s Hrdsie AR,

120- 3

3 78
27 6
259457 p

1 AREZENZEERY E2 B EENIA 3D tEmE (A-E2 #18%KE,mg - L™;
C-PDS iR E ,mmol - L™ ;D-pH;E-RBE,°C)

Fig. 1 Response surface for effects of factors interaction on E2 removal efficiency (A—E2 initial concentration,mg + L™;

C-PDS concentration, mmol - L™' ; D-pH ; E-temperature, °C )

R, 2475 YL B2 H14AH S} 3 mg - LA,
Fe NPs AUf BN %S 8 0.09 g - L', &4k

PDS ¥#RJEN 6 mmol - L' JEW AR pH A 3, IR
30 C,
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Fig. 2 EPR spectra
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Fig. 3 Effects of free radical quencher on

the degradation efficiency of E2

Fe NPs/PDS RGP [f B2 (19 2 [ ik
2.5 E2 HIPERRIRE S

E2 £ Fe NPs/PDS & R [ M5, il LC/Q-
TOF-MS 45 H T 10 FpEZE L=, 035 2-
2% Rl R B I 4 R TR I B 1) 7 A
i Fe NPs/PDS AR E2 WML, E2A L
T 2 FOREIEAR (B 4) , FERSAR 1P B2 %Ak
N 2R e ME T (20H-E2) , 7 e (m/z) K
28811 Z )5 B ik — 2 A AL AL TP - 286 . TP - 304 ,
TP-320 1 TP-340 [l ™=¥y, #Ei&tE 2 W, E2
HR DAL MR (E1, m/z=270) , Z )5 #F—
WA AL TP - 286, TP —284 TP - 318 £ TP -
334170 R E2 B9 €2 A C4 s B E
Fukui 648, & 2 % L1, R BO07 A 9E SO,
TOHAAL'™ DL b R 5= 4 £ E R B2 MR
ey S R R R T AR A

Lt% %1 A2 /&
Oﬁ b

- 288(2 M) E2(mo272 TP 270‘““”)

TP-286

TP 286

o |
" b

TP- 284
TP 304
OH

@ a ao
H
o=¢ N
\ o=t — fi —( P
il o= (‘ O_f /
OH
0

TP 320 TP-340 TP-334 TP-318

e

O—n A

4 E2 WJRERIPEMREETR
Fig. 4 Possible degradation paths of E2
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Fig. 5 The experiment of Fe NPs reuse for E2 removal
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